Background: The autoimmune profile of Chronic Urticaria (CU) patients is an increasing topic of
INTRODUCTION
Chronic urticaria (CU) is defined by the presence of hives and itch for 6 weeks or longer.
1 Most cases are observed at ages between 20 to 40 years. The prevalence of CU in the general population is 0.5-1% and the average duration of CU is 3-5 years.
2 First-line treatment for CU is non-sedating antihistamines in standard doses. However, when the disease control is inadequate, dose escalation of antihistamines to up-to fourfold dosage is recommended. If symptoms persist, add-on therapy with omalizumab (anti-IgE) every fourth week is recommended.
1 Previous studies show some efficacy of Cyclosporine A suggesting an active immunological mechanism as part of the pathogenesis.
Recent data suggest that CU is not only a disease of the mast cells, it also is a systemic 3, 4 autoimmune disease. 5 Furthermore, it has been shown that CU patients also have an increased risk of having other autoimmune conditions, which may be associated to urticaria or increase the patient's susceptibility to CU, 6 although the pathogenic mechanisms of CU have not been fully understood. The patients may have autoreactive IgG molecules that cross-link IgE or the IgE receptor FcεRI on the surface of the mast cell causing these to degranulate, yet some patients do not have any known cause of the disease. Emerging evidence suggests that the presence of auto-IgE-antibodies may have a pivotal role in the pathogenesis of CU.
7
CU influences the health of patients in other ways and is associated with a range of comorbidities. In the Scandinavian AWARE-study, a follow up-study of 158 patients with CU refractory to antihistamine treatment from Denmark, Norway, and Sweden, an increased prevalence of atopic diseases including atopic dermatitis, asthma, and rhino-conjunctivitis was demonstrated.
8
Furthermore, a high prevalence of thyroid disease, hypertension, and obesity was observed. Two large registry-studies from Korea and Taiwan demonstrated the same pattern of comorbidities but also an increased prevalence of drug allergies, rheumatic-and inflammatory diseases and cancers as well as psychiatric diseases. Mental disorders and emotional distress including anxiety, depression, and somatoform disorders are the most common comorbidities in CU patients. 9,10 A recent systematic review of the literature on autoimmune comorbidities to CU showed that the most common autoimmune comorbidities were autoimmune thyroid diseases and vitiligo (>2% of chronic spontaneous urticaria (CSU) patients), and that the most common circulating auto-antibodies were anti-thyroid antibodies and anti-nuclear antibodies (ANA) (>15% of CSU patients).
5,7
In addition, another meta-analysis demonstrated that in Systemic Lupus Erythematosus (SLE) an urticarial rash is common, ranging from 0-21.9% for CSU and 0.4-27.1% for an urticarial rash. On the other hand, data for the prevalence of SLE in CSU patients are lacking and further studies are needed.
11
A few studies have examined the prevalence of cardiovascular diseases but not found any increased risk of these in CU patients compared to the general population, although this study did not take severity into account.
12
However, hypertension is associated with prolonged duration of CU.
13
Taken together, CU seemingly is associated to a specific pattern of comorbidities including autoimmune diseases, atopic diseases, and psychiatric diseases, whereas the pattern is not clear with regards to malignancies and cardiovascular diseases. In this population-based study, comorbidities of 12,185 Danish CU patients were investigated. All dermatological units in Denmark were covered during the period 1994 until 2015.
PATIENTS AND METHODS

Design
The Danish National Patient Registry (DNPR) was used to identify all patients with a diagnosis of urticaria from January 1, 1994 until December 31, 2015. Comorbidities were investigated from a comparative cross sectional perspective as well as from a historical matched cohort perspective, the latter including mortality. The study was approved by the Danish Data Protection Agency and adhered to the RECORD statement (Reporting of studies Conducted using Observational Routinely collected health data).
The Danish Civil Registration Registry
In Denmark all citizens are given a unique civil registration number at birth. The number is stored in the Danish Civil Registration Registry (DCRR) along with data including date of birth, sex, civil and vital status, and date of death and/or emigration. All information is updated daily on citizens residing in Denmark. The civil registration number is used in all registries administered by the Danish National Health Authorities, and linkage of data can be performed unambiguously.
The Danish National Patient Registry
The DNPR was established in 1977 to monitor activities of hospital and health services in Denmark. The registry contains information on all hospital admissions from 1977 until today, and all outpatient and emergency contacts since 1994. Diagnoses are recorded in accordance to two international disease classification systems; ICD-8 until 1994 and ICD 10 from 1995 until today.
Study population
In this study, patients with a first-time diagnosis of CU (Table 1) , diagnosed at a dermatology unit from January 1, 1994 until December 31, 2015, were included. The date of the diagnosis will be referred to as the index date. All patients were matched with 10 age and sex matched controls, which had never been registered with a diagnosis of urticaria. Age was matched within 6 weeks in order to get enough controls. Controls Table 2 . Baseline demographics and total number of patients in with each outcome were given the same index date as their case. To increase the validity of the urticaria diagnoses only patients diagnosed in specialized dermatological and allergology departments (5 in total in Denmark) were included along with their matched controls. First time contacts of comorbidity diagnoses of interest were registered during the complete investigation period. All ICD-10 and ICD-8 codes of comorbidity diagnoses (outcomes) are listed in Table 1 .
Statistics
At the index date, baseline comorbidities in CU patients compared to those of the control population were assessed using a logistic regression model. Results were reported as Odds Ratios (ORs). Time-to-event analysis using Cox proportional hazards regression were performed. Patients and controls were followed from the index date until the date of outcome, the end of follow up, emigration, loss to follow up or death of the index patient. Patients, in which the outcome diagnosis had occurred before the date of CU were excluded along with their controls in the stratified comorbidity analyses. Results were reported as Hazard Ratio's (HRs). In a sub analysis diagnoses within the first year from the index date were excluded (HR adj ). The assumption of proportional hazards was verified using log-log plots. Median survival was estimated in a Kaplan-Meier model.
All analyses were performed using IBM SPSS statistics, version 22. Comparisons were considered significant when p-values were 0.05.
RESULTS
Baseline demographics and characteristics
A total of 116,192 patients were found to have one of the inclusion diagnoses registered in the DNPR. Of these 12,185 patients had been diagnosed at a specialized dermatology and allergology center and were included along with their controls. The mean age at the time of inclusion was 38.4 years among the patients diagnosed at a specialized department, while the mean age at inclusion was 38.8 years in the matched cohort. The proportion of female patients was higher than male patients in both groups, 68.5% vs. 31.5% in the urticaria group and 67.1% vs. 32.9% in the matched cohort (Table 2 ) (That it is not an exact match 1:10 is due to the large number of patients made it impossible to match all 1:10. However there was no significant difference). The peak incidence of CU in both sexes appears between 20-40 years of age (Fig. 1) .
Study period comorbidities
The most common comorbidities in the CU group, when counting at the time of diagnosis and during follow up were depressions (4.4%), rhino- Fig. 1 The age dependent Incidence of Chronic Urticaria in both sexes Table 3) .
Risk of comorbidities after diagnosis of CU
We found an increased risk for atopic dermatitis, HR (Table 2 ). However, no increased risk was found for psychosis, SLE, and vitiligo. Excluding patients who had the comorbidity, for which the risk was calculated, diagnosed within the first year after diagnosis of CU along with their matched controls, showed that the highest risk was found for mastocytosis, HR adj ¼ 22. Table 3 ).
The greatest change in risk when adjusting for diagnosis of the comorbidity in question within the first year was seen for mastocytosis, atopic dermatitis, and anaphylaxis, in which the risk decreased.
Survival
A total of 7 patients with their matched controls were excluded from the survival analysis as their end date appeared before the index date. The CU group had a slightly decreased mortality rate compared to controls. A total of 8,444 (8.12%) of the matched controls died in the follow up period of the study, while 693 (5.7%) urticaria patients died. The mean survival was 7,161 days (7, 179 ) in the control group and 7,418 days (7, 461 ) in the CU group, HR ¼ 0.638 (p < 0.001).
DISCUSSION
In this register based study; comorbidities and mortality in a cohort of Danish CU patients, were addressed. All tertiary center cases during a 21-year period were included.
More women than men were diagnosed with CU, similar to observations in other studies.
3,4,15 It may reflect a gender dependent distribution of CU, but as our data are based on hospital registries, results may also reflect the fact that men are less likely to seek medical attention than women. 16 Consequently, we suggest that male cases of CU may need further information on the disease and on its treatments.
We found an increased survival of CU patients compared to controls. If a patient suffers from a malignant disease, especially in the young or middleaged patient, the treating doctor may underestimate the significance of CU, and the patient may be referred to the general practitioner for treatment of this where the diagnosis is not registered. This would lead to underrepresentation of deaths in the CU group.
There was a significantly higher risk of either having or achieving mastocytosis and anaphylaxis in the CSU group. Mastocytosis is a proliferative mast cell disease, and the symptoms are mediated by histamine, and they may be indistinguishable from urticaria.
17 It is also a rare disease, with discrete, if any, symptoms at all, and the overrepresentation is probably due to misdiagnosis at their first hospital visit. This hypothesis is further supported by the adjusted HR, which decreased dramatically, when diagnoses of mastocytosis within the first year from the index date were excluded. Most likely, CU-patients will not receive their proper diagnosis before they see a trained dermatologist and Anaphylaxis is a symptom of mastocytosis, rather than of CU, 17 and the overrepresentation may be explained by either overrepresentation of mastocytosis or an overrepresentation of allergic diseases in the CU population. Many CU patients are convinced that their symptoms are due to allergies. Hence, a number of contacts in an ER setting are with a tentative diagnosis of anaphylaxis. About 5% of all CU patients suffer from a subtype, which only cause angioedema. As one of the standard criteria of anaphylactic shock are oedema of the oral mucosa, this is yet another explanation to the increased prevalence of anaphylaxis observed in our CSU population.
The atopic diseases are also strongly overrepresented among CU patients. In case of sensitization and rhino-conjunctivitis, the symptoms of rhino-conjunctivitis may be intensified due to an increased potential of action and activation of the mast cells, and an increased level of specific IgE. 18, 19 Atopic dermatitis is neither a mast cell driven nor an IgE dependent disease. In atopic dermatitis patients IgE mediated allergies are overrepresented, and AD patients diagnosed with and IgE mediated skin reaction as CU, rather than type I allergy, may lead to an overrepresentation of prior atopic dermatitis in our CU population, as suggested in the study by Bieber et al.. 20 Furthermore, atopic dermatitis patients have a chronic inflammatory reaction in the skin, in which mast cells are also overrepresented which consequently leads to urticaria symptoms. 21 This result is consistent with previous studies both in Scandinavia and the rest of the world.
3,4,8
Our data suggest a higher prevalence and risk of autoimmune diseases, including rheumatoid arthritis, vitiligo, and thyroiditis among CU patients. However, they are very differently represented. Rheumatoid arthritis is numerically much higher represented than SLE, thyroiditis, and vitiligo. It could be speculated if the increased presence of rheumatoid arthritis in CU patients is a reflection of an increased inflammatory status overall, destabilizing mast cells and thereby causing urticaria, whereas in lupus, vitiligo, and thyroiditis the pathogenesis is mainly caused by specific auto-antibodies of IgG and IgE type. Our findings are consistent to those of other studies and the autoimmune profile of CU patients need to be acknowledged.
At the index date, there was a higher prevalence of depressions in the CU group. The prevalence of prior diagnoses of psychoses were comparable to that of the background population, yet the risk, especially for females, tended to increase over time. As in atopic dermatitis and psoriasis vulgaris, having chronic skin diseases is a pivotal factor when it comes to the mental health and quality of life of these patients. 22 In psoriasis and atopic dermatitis it has been speculated whether the chronic inflammation itself may cause some of the symptoms, 23 however, social isolation, altered self-perception, and lack of sleep due to itch are the probable and most likely reasons, 22 which may also be the case in CU. The prevalence and future risk of depression was indeed increased, which may reflect that many CU patients have had their diagnosis for years before being referred to a hospital setting. Psychological health, itch, and sleep loss are therefore important parameters in the consultation with CU patients, and perhaps the association between CU on one hand and depression on the other could be prevented, if the guidelines of the EAACI/GA2LEN/EDF/WAO are adhered to when treating AD patients.
We found an increased risk of osteoporosis and diabetes mellitus. Both diseases are increased in patients treated with glucocorticoids, and unfortunately this is still used despite recommendations from EAACI/GA2LEN/EDF/WAO.
1,8,24
Yet in mastocytosis, a purely mast cell driven disease, an increased risk of osteoporosis is also observed due to mast cell mediators, 17 and this may also be the case in urticaria, yet observational studies are needed to determine if this is the case.
The strength of this study is the nationwide coverage of the Danish registries. Furthermore, we were able to distinguish if the diagnosis had been made at a dermatology-or specialized allergology clinic, which should raise the diagnostic specificity. On the other hand, data are only representable to tertiary center cases of CU, and milder cases, or even some severe cases, were not covered in this study.
In conclusion, CU patients do have an increased burden of co-morbidities especially within the groups of mast cell mediated diseases and atopic diseases as well as in the autoimmune group of diseases. Numerically, the autoimmune diseases are less frequent than the others. The CU patients also have a higher prevalence and risk of developing depression. Thus, CU patients are a multimorbid group of patients, a fact that must be recognized among clinicians treating this group of patients.
